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Date palm residues are an attractive source of biomass energy since they are renewable, abundantly 
available and do not compete with food crops. Pyrolysis and combustion may be efficient methods of 
exploiting energy from these biomass resources. The purpose of this research was to investigate the 
thermal behavior of date palm biomass in order to evaluate their usefulness for energy production. In 
fact, ultimate and proximate analyses as well as thermal behavior of different date palm residues (date 
palm leaflets (DPL), date palm rachis (DPR), date palm trunk (DPT), date stones (DS) and fruitstalk 
prunings (FP)) were investigated. Non-isothermal thermogravimetric analyses (TGA) were performed to 
assess fuel reactivities under inert and oxidative atmospheres. Thermal degradation of all samples has 
exhibited quite similar behavior except DS. In contrast, different properties (e.g., reactivity, HHV or 
activation energy) were obtained, which may be attributed to a difference between tree parts compo¬ 
sition (branches, trunk, fruit...). Thus, DPT and FP were found to be the most reactive materials in inert 
conditions; while in oxidative conditions, DPR is the highest one. In addition, activation energies cor¬ 
responding to devolatilization regions under inert and oxidative conditions were 49.8, 45.2, 52.7, 50.9, 
89.1 kj mor 1 and 58.9, 49.6, 67.6, 57.7, 110.7 kj mol 1 for DPL, DPR, DPT, DS and FP respectively. The 
obtained data, sample properties along with thermal behavior under inert and oxidative atmospheres as 
well as kinetic parameters, allowed the comparison of the obtained results with other biofuels and can be 
useful for the design of processing system for energy productions. 

© 2012 Elsevier Ltd. All rights reserved. 


1. Introduction 

Utilization of agricultural residues as an energy resource has 
received in the last decades much attention. In fact, these 
biomasses have various economical and environmental advantages 
[1 ]. It is may be a promising solution which does not interfere with 
the production of food and contribute to cover energy needs. 

Tunisia, like the developing countries, needs to identify and to 
exploit all their available resources in the context of national 
sustainable development. Significant reserves of renewable energy 
forms are not yet used in this country. Solar energy and biomass can 
be among the major sources of energy production for the next 
years. Main sources of biomass include agriculture waste, such as 
olive and date palm wastes. Although the energetic valorization of 
olive waste has received considerable attention [2—8], few 
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investigations on the characterization and thermal behavior of date 
palm residues are found in literature [9,10], 

The date palm (Phoenix dactylifera ) is one of the most cultivated 
palms in the arid and semi-arid regions of the world. The tree stem 
is unbranched and is covered by old remaining leaves or palms 
(Fig. 1 ). It is characterized by numerous offshoots that are produced 
at the base of the trunk of young palms. The date palm may reach 
an age of over 100 years and average mature tree is about 20 m tall. 
New palms appear as a crown at the top of the stem. The two parts 
of palm are rachis which is the main axis and series of leaflets on 
each side of a common petiole. On a dry weight basis, in the whole 
palm the amount of leaflets is (46%) and rachis is (53.4%) [11], An 
adult date palm tree has approximately 100—125 green palms with 
an annual formation of 10—26 new leaves [12], It is estimated that 
the number of date palms worldwide is about 105 million [13], The 
world production of dates has registered considerable expansion 
over the last decade. Indeed, the production has moved from 
6,542,760 tons in 2004-7,429,811 tons in 2009 [14], 

Tunisia has approximately 4.5 million trees, covering an area of 
32,000 ha [15]. Tunisia is currently among the top 10 world 
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producer and the first exporter of dates in value. During the last 
years, Tunisian production has reached an average of 145,000 tons 
per year. In spite of the fruits that are worldwide consumed, these 
trees generate important quantities of agricultural residues and 
agro-industrial by-products. In fact, during date fruit harvesting 
important quantities of date palm by-products such as leaves, 
fruitstalk prunings, fruit wastes and date stones are generated. In 
addition, trunk becomes available upon natural or accidental death 
of the palm or by forced removal when plantations oasis are 
renewed. For example, the date stones represent about 10% of the 
date produced weight [16], Therefore, an average of 22 leaves per 
date palm per year produces approximately more than 
198,000 tons per year of leaves in Tunisia [17], Hence, these wastes 
are abundantly available and a valorization method seems to be 
necessary. 

Different date palm residues are traditionally used in many 
sectors [17,18], Among these uses, date palm residues and partic¬ 
ularly leaves are used for preparing pulp and paper. They are also 
sources for reinforcing fibers for polymeric matrices in composite 
materials [19,20], Date stones are, also, used as biosorbent [21 ] and 
for preparing activated carbons by physical or chemical activation 
[22], Recently, experimental work was conducted to study some 
physical properties of date palm wood. The obtained results 
showed that this material can be efficiently used in the 
manufacturing of buildings for thermal insulation [11], Neverthe¬ 
less, few published studies evaluating the potential use of date 
palm by-products as a renewable energy source were found in 
literature. In particular, Al Omari has examined the potential of date 
stones and palm stalks as an energy source. This study investigates 
the conversion of both date palm residues to thermal energy via 
combustion at different experimental conditions in a small scale 
furnace with a conical solid fuel bed. The author has noted that 
these biomasses are technically a viable alternative in the heat 
generation installations [9]. 

In a later paper, the same author compared the combustion 
and heat transfer characteristics obtained in a furnace using date 
stones as a fuel, with those found in the case of coal. It seems that 
date stones contain much volatile compounds leading under 
sufficiently high amounts of combustion air to a higher 


combustion and heat transfer rates per unit mass of the fuel 
compared to the tested coal [10], 

The aim of this work is to study for the first time the thermal 
behavior of different date palm residues (date palm leaflets (DPL), 
date palm rachis (DPR), date palm trunk (DPT), fruitstalk prun¬ 
ings (FP), and date stones (DS)) via thermogravimetric analysis. 
Reports and data about the thermal behavior and kinetics of date 
palm wastes are not available in literature. The first part of this 
study is devoted to the determination of the physico-chemical 
characteristics. TGA studies are carried out in both inert and 
oxidative atmospheres. Finally, thermal degradation characteris¬ 
tics as well as kinetics parameters are evaluated for the selected 
samples. 


2. Experimental 

2.1. Materials 

Five biomass samples used in this study were obtained from 
a date palm oasis in Tozeur, Tunisia. They were cut into small pieces 
(for DPL) and/or grounded (for DPT, DPR, DS and FP) in order to 
have homogenous products. These different residues were natu¬ 
rally dried in the sun during 2-3 days in order to reduce water 
content. After sieving, the samples with particle size between 1 and 
2 mm were collected for the experimental tests. 


2.2. Chemical analysis 

In order to obtain the properties of the biomass materials 
related to the thermo-chemical conversions, proximate and ulti¬ 
mate analyses were performed. Ultimate analysis corresponding to 
the elemental compositions of the samples was performed by 
Service Central d’Analyses (Vernaison, France). 

Proximate analysis was carried out using a thermogravimetric 
analyzer (CAHN 121 thermobalance) with gas flowing upward 
through the furnace at 12 NL/h. The proximate TG method involves 
heating the samples (under N2) at a rate of 10 °C min -1 , from room 
temperature to 110 °C with a hold up time of 10 min to obtain the 
weight loss associated with moisture. Temperature is then ramped 
at 20 °C min -1 —900 °C with a hold up of 10 min to obtain the 
weight loss associated with volatiles release. Oxygen is then 
introduced into the furnace chamber to oxidize char formed and 
the weight loss associated with this step is the fixed carbon. The 
remaining material after oxidation is the ash. At the start of each 
experiment, 30 min of N 2 purging was conducted. 

Besides, the heating values were measured using a REKA adia¬ 
batic oxygen bomb calorimeter. 


2.3. Thermogravimetric analyses 

Thermogravimetric analyses have been widely used to study the 
thermal degradation characteristics of agricultural wastes and other 
materials [23-35], In this study, the thermal behavior of the biomass 
materials was studied under inert and oxidative atmospheres using 
a CAHN 121 thermobalance. TGA experiments were performed at 
heating rates of 5 °C min -1 (gas flow of 12 NL/h) from room 
temperature to 900 °C. Slow heating rate was selected to allow 
studying the thermal behavior under conditions where the transport 
processes do not hide the study of the chemistry effects [24], Exper¬ 
imental tests were carried out in both inert and oxidative atmo¬ 
spheres to investigate different steps of thermal degradation of each 
biomass material and to determine reaction kinetic parameters. 
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3. Results and discussion 

3.1. Date palm residues characterization 

Proximate and ultimate analyses along with bulk densities were 
carried out to characterize the different date palm wastes. The 
obtained results are given in Table 1. The analysis findings show 
that tested samples have high content of volatiles, carbon, 
hydrogen and oxygen. On the contrary, the relative contents of 
nitrogen and sulfur are low. In comparison with biomass, these 
materials have typical composition [25]. Heating values (LHV) were 
at intervals raging from 15.2 to 19.0 MJ kg -1 . These values are in the 
same order of magnitude as the results obtained for sawdust, olive 
solid waste, oil palm fruit bunches, Miscanthus, wood pellets and 
wood chips (Table 1). Comparison with literature data for wood 
biomass and energetic crops shows that the investigated biomasses 
have typical composition [24,25,28,29], Among date palm residues, 
date stones (DS), which have the highest percentage of volatiles 
(VM) and fixed carbon (FC) and the lowest ash content, present the 
highest calorific values in term of low heating value (LHV). Large 
differences are observed for amounts of humidity and ash and may 
explain variation of the LHV values. 

Important characteristic of biomass materials is their bulk 
density which is in relation to transport and storage costs. The value 
of this property for DS is very high (656 kg m -3 ), which overtakes 
the one of wood chips (550 kg m -3 ). Both heating value and bulk 
density define the energetic density (ED) that is the potential of 
energy available per volume of biomass. Values of ED show the 
same trend as the values of bulk density. DS close to the one of 
wood pellets (12 GJ m -3 ) is much higher than the remained 
samples. It is worth noting that DS is the most attractive material 
for energy production due to its high energetic density and then 
low cost transportation. However, it is necessary to examine the 
thermal degradation behavior in order to select the most conve¬ 
nient date palm residue. 

3.2. Thermal behavior under inert atmosphere 

The thermal degradation characteristics of the samples under 
inert atmosphere at a heating rate of 5 °C min -1 are shown in Fig. 2. 
Despite, the differences between samples in evolution profiles of 
mass loss (TGA) and the time derivative of the mass loss (DTG), the 
pyrolysis curves of DPW follow the usual shape of lignocellulosic 
materials [23], Indeed, the five samples demonstrate four regimes 
of weight loss in the TGA and DTG analyses: moisture loss, hemi- 
cellulose decomposition, cellulose decomposition and a last step 


corresponding to the lignin decomposition which is distributed 
along a wide temperature interval [25], The first mass loss region 
due to moisture release and light volatiles loss occurs between 
25 °C and 150 °C. The apparently higher release from DPR and DPT 
could be due to simultaneous moisture and low temperature 
volatiles release. Then, devolatilization, which is the main pyrolysis 
of samples, starts at proximately 180,160,165,170 and 190 °C for 
DPL, DPR, DPT, DS and FP respectively. Such variations in initial 
degradation temperatures of biomass have been related to the 
differences in the elemental and chemical compositions of the 
samples [38], The major weight loss (where the main degradations 
occurred) ended at approximately 367,333,327,334 and 372 °C for 
the same sample sequence. During this step, two decomposition 
processes corresponding to the degradation of hemicellulose and 
cellulose are observed. For the pyrolysis of DPL, DPR, DPT and FP, 
there are two distinct regions of DTG curves. The first region 
appears as a more or less pronounced shoulder at approximately 
238, 210, 220 and 261 °C for DPL, DPR, DPT and FP. However, the 
following second region is characterized by peaks with maxima at 
315, 287, 297 and 308 °C for the four samples respectively. 
Appearance of shoulders could be generated by the decomposition 
of hemicellulose and some of the lignin. However, the obtained 
peak should correspond to the decomposition of cellulose and the 
remaining of lignin. When hemicellulose and cellulose decompo¬ 
sitions overlap, the shoulder marks the peak of the hemicellulose 
decomposition [24], In contrast with the previous four samples, DS 
has only one maximum rate of decomposition observed at about 
257 °C followed by two small shoulders located at the higher 
temperature side on the DTG curve. The maximum peak of DTG 
curve is may be attributed to an overlapping between hemi¬ 
cellulose and cellulose decomposition steps and the small shoul¬ 
ders can be associated to the decomposition of the cellulose and 
lignin. At the end of this decomposition step, a continuous slight 
devolatilization is observed, which can be attributed to the slow 
degradation of lignin. Table 2 summarizes TG curves characteristics 
in terms of pyrolysis temperature ranges as well as temperatures of 
DTG shoulders and peaks. 

Rate of mass loss as indicated by the DTG is an indication of the 
material reactivity. Hence, it is observed that the rate of decom¬ 
position of the light component (hemicellulose) in the case of DS is 
greater than the rate of decomposition of the heavy component 
(cellulose). Rate of the heavy component decomposition is domi¬ 
nated for DPL, DPR, DPT and FP. The maximum rates of weight loss 
(% s _1 ) ranged from 0.040 to 0.096 for the samples (Table 2). These 
values are higher compared to other biomasses tested by Jeguirim 
and Trouve [29] as well as Gronli et al. [24] in the same 


Table 1 

Proximate and ultimate analysis and bulk density of DPW. 


Miscanthus 
Wood chips 


VM: volatile matter, FC: fixed carbon, LHV: 
rachis, DPT: date palm trunk, DS: date stor 
1 Calculated based on dry free ash. 


te palm leaflets, DPR: d 
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Fig. 2. TGA (a) and DTG (b) curves during the pyrolysis of samples under inert atmosphere. 


experimental conditions. However, they are quite similar to the 
ones obtained for olive oil mill wastewater and sawdust 
samples [7], 

On the other hand, Table 2 also shows the reactivity Rm, which 
is directly proportional to the maximum weight loss J?DTGmax and 
inversely proportional to the value of its corresponding 
temperature r DTGma x- Calculation of samples reactivity is based 
on the method proposed in previous investigations [26,30,39]: 


Rm = 100 E^^ (1) 

where, Rm the reactivity (% s -1 °C _1 ), RDTGmax is the maximum 
weight loss rate (% s -1 ) and ToTCmax the corresponding peak 
temperature (°C). 

Reactivity ( R M ) is equal to 0.23 and 0.24% s” 1 °C _1 for DPL and 
DPR, while it is higher for DPT, DS and PF, around 


Characteristics of the thermogravimetric experiment under inert atmosphere. 
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0.37—0.40% s _1 °C _1 . DPT and FP reactivity are the highest ones 
followed by DS and DPR, respectively. These values are similar to 
the ones obtained by Munir et al. during pyrolysis of four 
different agricultural residues (ranged between 0.31 and 
0.54% s" 1 °C" 1 ) [26], 

3.3. Thermal behavior under oxidative atmosphere 

TGA and DTG of the five samples (DPL, DPR, DPT, DS and FP) 
under oxidative atmosphere at a heating rate of 5 °C/min are 
plotted versus temperature in Fig. 3. It is seen that weight losses 
present three main steps: the first accounts for moisture evapora¬ 
tion, the second is due to devolatilization and the last relates to the 
oxidation of char. The first stage under oxidizing atmosphere 
ranges from room temperature to approximately 125 °C. Loss of 
water and volatilization of light molecules may have contributed to 
weight loss in this stage. The second stage of weight loss occurs at 
temperatures between 141 °C and 347 °C (Table 3), depending on 
the waste. It is noted that the four maximum of decomposition 
rates occur at about 305, 265, 298, 261 and 265 °C for DPL, DPR, 
DPT, DS and FP, respectively. At the end of oxidation, residual mass 
of DPL is about 14.5% of the initial mass which is higher than the ash 


obtained for DPR (7.1%), DPT (2.6%), DS (0.9%) and for FP (11.3%). It 
should be noted that a fuel with a higher percentage of ash in its 
composition, presents a lower initial temperature of degradation 
[38], These effects justify the results from proximate analysis and 
explain the DTG behavior. In addition, for samples combustion with 
high ash contents, consideration must be given to incorporate an 
efficient ash removal from installation. As evidence from DTG 
curves in Fig. 3(b) and (a) close similarity is shown for all the wastes 
during char oxidation phase, expect DS. Char oxidation from DS 
needs high temperature to proceed. Compared to the four other 
wastes, DS char oxidation peak is shifted toward higher tempera¬ 
tures. It occurs in the temperature range of 421 °C and 509 °C for DS 
while this region proceeds between 366 °C and 447 °C for the other 
samples. On the other hand, the reactivity values (Rm) for oxidation 
(Table 3) show that DPR is the most reactive materials followed by 
DPT, FP, DPL and DS respectively. 

Characteristic combustion parameters such as initial ignition 
and burnout temperature and corresponding times, as well as 
maximum rate of mass loss derived from the TG and DTG curves 
can be used to assess relative burning properties of samples 
(Table 4). Temperatures are defined as follows: ignition tempera¬ 
ture (Tj) which is defined according to Xiang-guo et al. [40] and 



temperature (°C) 



0 100 200 300 400 500 600 700 

temperature (°C) 


Fig. 3. TGA (a) and DTG (b) 


; during the oxidation of samples under oxidative atmosphere. 
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Table 3 

Characteristics of the thermogravimetric experiment under oxidative atmosphere. 
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Sample 

Devolatiliza 

tionzone 

Char combustion zone 



R m x 10 3 (% s -1 “C -1 ) 

Ash (%) (900 °C) 

Temperatur 

erange R pMk (%s -1 ) T peak (°C) 

Temperatur 

e range 

R peak S -1 ) 

Tpeak (“C) 

DPL 

170-337 

0.041 305 

366-439 


0.249 

394 

0.76 

12.50 

DPR 

167-347 

0.051 265 

382-425 


0.373 

404 

1.11 

08.03 

DPT 

170-331 

0.050 298 

366-447 


0.367 

397 

1.09 

01.74 

DS 

141-336 

0.086 261 

421-509 


0.103 

459 

0.55 

01.20 

PF 

200-333 

0.063 265 

371-436 


0.357 

499 

0.96 

11.20 

Rpeak: maximi 

am rate (% s' 

'); Tp eak : temperature peak correspond tt 

3 maximum ra 

te(“C );R M : 

reactivity (% s - 

1 -c-l). 




burnout temperature (Tb) where DTG profile reaches a 1% per 
minute combustion rate. 

As can be seen (Table 4), DS sample with high volatile content 
presents the lowest ignition temperature, while ignition tempera¬ 
ture of FP is the highest one. This behavior is in agreement with the 
results obtained by Vamvuka and Safakiotakis during the investi¬ 
gation of biomass and coal degradation under oxidative atmo¬ 
sphere [41 ]. Moreover, high burnout temperature is exhibited by DS 
(474 °C), while the fibrous samples show relatively lowest burnout 
temperature ranged between 403 and 413 °C. This point was 
previously observed by Khalfi et al. Authors demonstrated that due 
to their lower conductive heat transfer, fibrous materials having 
lower bulk density ignited and reacted more rapidly than samples 
having higher bulk density [42], 

To further investigate combustion behavior of the samples, an 
ignition index (D) and a combustion index (S) are proposed 
according the two following equations [41]: 


D = 7 


(2) 


where R max is the maximum combustion rate, t max and t, are times 
correspond to maximum combustion rate and ignition tempera¬ 
ture, respectively. R a is the average mass loss rate under oxidative 
atmosphere. 

A comparison between sample values of the two mentioned 
characteristic indexes is shown in Table 4. Ignition performance of 
samples increases with the increase of ignition index value D. Also, 
the better combustion reactivity can be assigned to the high value 
of combustion index S. Therefore, it can be concluded that samples 
which burn at lower temperature and shorter time, are the most 
reactive materials. Thereby, DPT can be considered to be the most 
reactive material, followed by DPR, DPL and FP, whereas DS is the 
less reactive material. 


Characteristic i 


i parameters of samples. 


sample T t t,- (s) R a R max t max T b t b (s) D x 10 7 S x 10 10 

(°C) (10- 2 %s~ 1 ) (% s- 1 ) (s) (°C) 


DPL 221 2530 0.820 
DPR 222 2490 0.866 
DPT 222 2480 0.921 
DS 210 2340 0.941 
FP 232 3160 0.817 


0.249 4630 410 2530 0.21 1.02 

0.373 4700 413 2490 0.32 1.59 

0.367 4600 406 2480 0.32 1.69 

0.103 5380 474 2340 0.08 0.46 

0.357 6370 403 3160 0.18 1.34 


T,-: ignition temperature (°C); time correspond to ignition temperature (s); R,: 
average mass loss rate under oxidative atmosphere; R max : maximum combustion 
rate; t max : time correspond to maximum combustion rate (s); T b : burnout tempera¬ 
ture (°C); t b : time correspond to burnout temperature (s); D: ignition index; S: 
combustion index. 


3.4. Kinetic analysis 


Thermal analysis techniques have been used in the estimation of 
kinetics parameters of biomass and other combustible material 
[36], Several approaches of the kinetic analysis of non-isothermal 
TGA data have been used for the determination of the kinetic 
parameters for biomass thermal degradation. The kinetic analysis 
of dynamic results aims to relate the experimentally values of 
conversion rate of sample mass against temperature with values 
predicted for models. In the present paper, study of kinetic schemes 
for both devolatilization regions under inert and oxidative atmo¬ 
spheres is based on the Arrhenius equation [43], 

The rate equation used in all kinetics studies can be written as: 


where x is the conversion ratio, which is defined as x = (mo - m)/ 
(mo - m/) (m is the mass at any time and subscripts 0 and / 
respectively refer to the initial and final masses at the end of that 
stage). K and n are the reaction constant and the reaction order, 
respectively. Applying the Arrhenius equation (5), the combined 
equations (4) and (5) lead to a linear form equation (6) as: 


k - Aexp (-m ) 


(5) 



where dm/dt is the ratio of mass change with time, A is the pre¬ 
exponential factor and R is the universal gas constant (gas value). 
Equation (7) may be written under the linear form: 


y = B+Cx + D*Z (7) 

where 

y = In [ - 1 /m 0 - mf dm/dtj, x = 1/T, 
z = ln(m - nif/mo - mfB = ln(A), C = -E/R, D = n 

Constants B, C, D are estimated by multi-linear regression of the 
TGA data for each stage using Microsoft Excel. The kinetic param¬ 
eter results (pre-exponential factor, activation energy and reaction 
order) and the coefficients of determination, R 2 , for each experi¬ 
ment are reported in Table 5. These data cannot be supported by 
literature since the current study is unique. However, it is impor¬ 
tant to compare the obtained results with the other ones from 
literature. 

Pyrolysis of FP has the highest value of activation energy 
(89.1 kj mol -1 ), while all the other samples have close values 
ranged between 45.2 and 52.7 kj mol -1 . The same experimental 
and analytical procedure applied by Dorge et al. to Miscanthus 
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ss sample Pyrolysis 


Temperature range (°C) E (kj mol 1 


Temperature range (°C) E (kj m 


170-346 

138-333 

136-322 

134-333 

162-367 



160-350 

138-331 

135-340 

146-350 

180-335 


E: apparent activation energy (kj mol ’); A: pre-exponential factor (s n 


er of reaction; R 2 : Regression coefficient. 


d Under heating rate of 10 


pellets pyrolysis yielded low values of both E (89 kj mol -1 ) and A (In 
A = 13 s -1 ) [35], FP has also a high value of pre-exponential factor 
(Ln A — 12.7 s -1 ) compared to the other four samples with In A 
ranged from 2.4 to 4.9 s -1 . 

For oxidation, the same behavior is noted with high values for 
both energy activation and pre-exponential factor (E = 110.7 kj 
mol -1 , ln A = 18.3 s -1 ) for FP compared to the other samples. A 
change in the atmosphere from nitrogen (inert) to air (oxidative) 
clearly results in an increase of the kinetic parameter values for DPW. 
This behavior is in agreement with findings of Munir et al. [26], 
Reaction orders are given for the main devolatilization step for both 
pyrolysis and oxidation in Table 5. For pyrolysis, a reaction order of 
0.46—1.04 is obtained, whereas sample values on oxidative atmo¬ 
sphere increase (0.76—1.15). A similar reaction order was obtained 
during the pyrolysis of sawdust and impregnated sawdust [7], 
Amndo donax [29] and Miscanthus straw [34], 

4. Conclusions 

In this work five biomass residue samples from Tunisian date 
palm cultivation were characterized and tested under inert and 
oxidative atmospheres in TGA. Ultimate and proximate analyses of 
samples, heating values and density bulk have allowed to obtain 
chemical and thermal characterizations of samples. A common 
approach was used for modeling kinetic parameters on the devo¬ 
latilization of the different samples under the 2 atm. 

The high energy density of DS makes it the most attractive 
material for energy recovery. In any case, the heating values of the 
remained materials are sufficiently attractive to overcome the 
problems associated with low energetic density. On the other hand, 
from TGA and DTG curves it was possible to determine thermal 
degradation behavior and to obtain information on reactivity. It was 
shown that despite the different fuels characteristics, the thermal 
degradation profiles were similar among the samples, except for 
DS. Among the samples studied, DPT was the most reactive mate¬ 
rial under both pyrolysis and oxidative atmosphere, whereas DS 
was the less reactive fuel. Activation energies associated with 
develotilization step in both pyrolysis and oxidation were 49.8, 
45.2, 52.7, 50.9 and 89.1 kj mol -1 and 58.9, 49.6, 67.6, 57.7 and 
110.7 kj mol -1 for DPL, DPR, DPT, DS and PF, respectively. It was 
checked that the change in the atmosphere from nitrogen to air 
increased the value of activation energy for the different DPW. 
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